Abstract. In the previous century Quantitative Economics substantially evolved in the direction of Mathematical Economics, Econometrics and Operational Research. Professor Willem Karel M. Brauers sees it mainly as a scientific approach to the solutions of problems of a complex nature by Methods such as Input-Output Analysis and Multi-Objective Optimization. At the occasion of his 90 th birthday this article highlights the research of Professor Willem Karel M. Brauers, presents a review of his extensive scientific work and lists some of his publications.
Introduction
Input-Output Analysis is defined as the empirical application of general interdependence to a study of interrelations among the factors of production, the outputs and the components of final demand. Instead of considering economic good by economic good as Walras has done, W. W. Leontief, the father of the Input-Output Analysis, aggregated the economic goods to activity sectors, arriving at a table from 30 till different hundreds of production sectors depending of the size of the country and the availability of statistics. From the relations between the production sectors Technical Coefficients are derived, characterized with a certain behavior and with creating possibilities of forecasting. If from the production of the sectors a refined composition of final demand is derived, the inverse will tell for a given demand which production is needed. Production Multipliers per decomposition of final demand resulting in productions per sector are a next instrument for economic analysis. In this way Input-Output is a strong instrument for economic analysis, economic policy and economic forecasting (Brauers 1975) .
A first Input-Output Table for Belgium was made by the University of Brussels for the year 1953 (Kirshen, de Falleur 1958) . A second table was made by Brauers for 1958 (Brauers 1964a (Brauers , 1965a (Brauers , 1965b . For 1959 and later the work was taken over by the European Union.
After the example of Prof. Isard, a follower of Leontief, who constructed regional input-output tables for the US, Brauers published regional I-O tables for Belgium and even regional Balances of Payments, an effort which was not repeated up till now (Brauers 1980) . Most of this previous work was published in Dutch (Brauers 1961 (Brauers , 1964b .
The doctoral thesis of Prof. Brauers, with a preface from W. W. Leontief, concerns the Input-Output Analysis applied on European Integration (Brauers 1968) .
As previously I-O Analysis was not well known in France, Brauers wrote a book on this subject in French (Brauers 1995) .
During these analyses it became clear for Brauers that a time horizon was important. For instance, profit maximization is only a notion in the short term. In the long run one has to think rather in terms of Cash Flows, Net Present Value and Internal Rate of Return. Brauers illustrated this point with a very extensive case study (Brauers 1990 ).
Studies on National Defense
Mostly on demand of the National Department of National Defense Brauers made many studies on the repercussions of National Defense on the national economy (Brauers 1960) .
A NATO Fellowship (1971) presented the occasion to write a book on Systems Analysis with special reference to national defense (Brauers 1976 ).
Brauers wrote a critical book on the organization of Belgian military defense (Brauers 1993 ). In 2002 Brauers wrote an article in which he stipulated, when for Belgium the replacement of the fighter plane F16 by the Lockheed Joint Strike Fighter was suggested, that this last one already was outdated against planes of a new generation (Brauers 2002) . Updated two times the F16 can remain operational until 2023, but at that time the Joint Strike Fighter will be outdated too, a new generation plane would be too expensive for Belgium, a European Defense Community may take shape and developments of another kind, like further development of unmanned armed drones, could change the picture.
Achievements in development of MODM methods
During a visit at Rand Corporation in 1971 Brauers got acquainted with the Additive Weighting Procedure of MacCrimmon, meaning his first contact with a Multiple Objective Decision Making Method (MacCrimmon 1968) . From that moment on he dislikes weights in that context, as weights in Multi-Objective Optimization have an ambiguous meaning: normalization on the one side and importance on the other. Therefore Brauers made a search for alternative methods.
In connection with his work for the Belgian Defense Department Brauers developed his first Multi-Objective Decision Making Method: the Indifference Method (Brauers 1977) . The main decision maker, here the Defense Department, is indifferent in the choice between different solutions towards multiple objectives. At that moment the economic costs will decide. For instance, the Belgian Army had to decide to purchase 6 tons heavy trucks. The candidate trucks had to undergo heavy tests: to climb slopes of 70%, to drive through 1.60 meter of water, to stay in the water for some time, to take a lot of obstacles, to use consecutively petrol and light fuel etc. Finally the military specialists were indifferent between limited number types of trucks. At that moment the economists entered into the picture: the lowest budgetary cost decided upon the choice, which was finally the MAN heavy truck.
Brauers had a reflection period for some time, considering the link of Multi-Objective reasoning with economics, econometrics and general economic interdependence, finally resulting in a 2004 book presented as a "Revolution in Economic Thinking by Multi-Objective Optimization" (Brauers 2004a) .
MOORA was first used in an article of 2004 (Brauers 2004b ), but the name was only given in 2006 . MOORA stands for Multi-Objective Optimization on basis of Ratio Analysis, which goes for a Decision Matrix of alternative solutions responding to different objectives, on which ratios are applied. The responses of the different alternative solutions per objective (or criterion, a weaker form of an objective) forms a column of the matrix. With weighting methods this matrix is read horizontally and as Brauers is allergic for weights, he reads the matrix vertically. For each column a ratio as a dimensionless measurement is calculated. These ratios are not averages, as an eventual negative denominator would make the fraction senseless. Therefore the denominator is changed in such a way that it is always positive.
A second Method in MOORA is the Reference Point Approach which will use the ratios found earlier and whereby also a Maximal Objective Reference Point is used. The Maximal Objective Reference Point approach is called realistic and non-subjective as the co-ordinates (r i ), which are selected for the reference point, are realized in one of the candidate alternatives. In the example, A (10; 100), B (100; 20) and C (50; 50), the maximal objective reference point R m results in: (100; 100). Per objective the coordinates of the corresponding ratio are subtracted from the coordinates of the Reference Point.
Then this matrix is subject to the Metric of Tchebycheff: -in the choice of the objectives (assistance can be given by the Ameliorated Nominal Group Technique, see underneath); -to give importance to an objective (assistance can be given by the Delphi Method, see underneath); -omitting Normalization. Dimensionless Measurements as used here are preferred to weights, which need normalization (for normalization, see Brauers 2007a Brauers , 2007b ). 6. Based on Cardinal Numbers more robust than on Ordinal Numbers. 7. Uses the most recent available data. 8. The use of 2 different methods of MOO is more robust than using a single one.
Nevertheless contradiction between the two methods remains possible. Therefore a third dimensionless measurements method is introduced: the Full Multiplicative Method. The thee methods are gathered under the name of MULTIMOORA. An Ordinal Dominance Theory will take care of the final ranking for the 3 methods.
MULTIMOORA
The full multiplicative form Per row of an alternative all objectives are simply multiplied, but the objectives to be minimized are a part of the multiplication process in a denominator. A single zero or a negative number for one of the objectives would make the final product zero or entirely negative. In order to escape of this nonsense solution, 100 replaces zero and for instance 2 becomes 102 and -2 becomes 98 but only for the objective under consideration.
Ordinal dominance theory Dominance. Absolute Dominance means that an alternative, solution or project is dominating in ranking all other alternatives, solutions or projects which are all being dominated. This absolute dominance shows as rankings for MULTIMOORA: (1-1-1).
General Dominance in two of the three methods is of the form, with a < b < c < d: (d-a-a) is generally dominating (c-b-b); (a-d-a) is generally dominating (b-c-b); (a-a-d) is generally dominating (b-b-c); and further transitiveness plays fully.
Transitiveness. If a dominates b and b dominates c than also a will dominate c.
Overall Dominance of one alternative on the next one. For instance (a-a-a) is overall dominating (b-b-b) which is overall being dominated.
Equability. Absolute Equability has the form: for instance (e-e-e) for 2 alternatives. Partial Equability of 2 on 3 exists e. g. (5-e-7) and (6-e-3).
-Brauers applied MULTIMOORA in micro-economics such as for: -Heating Losses in a Building (Kračka et al. 2010) ; -Bank loan to buy Property (Brauers, Zavadskas 2011); -Buildings from the Soviet Period ); -Happiness is very subjective and difficult to specify. Therefore limited to side conditions like health, age, education, free of pollution and economic welfare. Which country fulfills the best the directives of the EU on these points The outcome is the totality of the individual votes. The group is also questioned about the probability of occurrence of the event. The probability of the group is found as the median of the individual probabilities. Finally, the group rating is multiplied with the group probability in order to obtain the effectiveness rate. The Ameliorated Nominal Group Technique is used for MULTIMOORA to generate Objectives (Brauers, Lepkova 2002 , 2003 .
The Delphi Method is a method for obtaining and processing judgmental data. It consists of a sequenced program of separate interrogation (in session or by mail) interspersed with feedback of persons interested in the issue, while everything is conducted through a steering group. The Delphi Method is used for MULTIMOORA to give importance to the objectives (Brauers 2004a (Brauers , 2008a .
Biography and general data
Willem Karel M. Brauers is born in 1924, Antwerp, Flanders, Belgium. Brauers is married and has two married daughters. Brauers is veteran 1940 of World War II and he refused to work for the German occupants in [1943] [1944] . In High School he founded a student's club without permission of the occupying German invaders. After the Liberation, Brauers had the opportunity to pass the examination for his first year of Bachelor before a special jury. The second year of College was made practically impossible due the German flying bombs, mainly directed again the not destroyed port of Antwerp. Nevertheless he also studied dramatic arts in evening classes. Finally, registered in Leuven University in the city of Louvain he started with a theater group for students. -1959-1978 Advisor to the Belgian Department of Defense. -1973-1981 Adviser to the Center for Economic Studies, University of Leuven. -1978 Leuven. - -1984 -2001-2013 Visiting professor at Vilnius Gediminas Technical University.
Conclusions
Professor Willem Karel M. Brauers has greatly contributed to the development and practical applications of Multi-Objective Optimization Methods, aside from other contributions like concerning Input-Output Models. This is why a part of this article was devoted to his achievements.
Professor Willem Karel M. Brauers has greatly contributed to quantitative economics. His numerous publications on quantitative economics will encourage continuous innovations in this field.
On the day of his Jubilee, we would like to congratulate Professor Willem Karel M. Brauers, an exceptional scientist of greatest format. We wish the Professor good health and creativity in further contributions. Brauers, W. K. M. 1968. Input-Output Analyse en Internationale Economische Integratie [Input-output 
